Localization of Gauge Bosons in the 5D 
Standing Wave Braneworld 



Merab Gogberashvili 

Andronikashvili Institute of Physics, 
6 Tamarashvili St., Tbilisi 0177, Georgia 

and 

Javakhishvili State University, 
3 Chavchavadze Ave., Tbilisi 0128, Georgia 
E-mail: gogber@gmail. com 

Pavle Midodashvili 

Ilia State University, 
3/5 Kakutsa Cholokashvili Ave., Tbilisi 0162, Georgia 
E-mail: pmidodashvili@yahoo. com 

Levari Midodashvili 

Gori University, 
53 Chavchavadze St., Gori 1400, Georgia 
E-mail: levmid@hotmail. com 

January 20, 2013 



Abstract 

We investigate the problem of localization of gauge fields within the 5D standing 
wave braneworld model and show that in the case of increasing warp factor there exist 
normalizable vector field zero modes on the brane. 

PACS numbers: 04.50.-h, ll.25.-w, 11.27.+d 



The brane models [HE] have attracted a lot of interest recently with the aim of solving 
several open questions in modern physics. A key requirement for realizing the braneworld 
idea is that the various bulk fields be localized on the brane. For reasons of economy, 
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stability of the model and avoidance of charge universality obstruction [3] one would like 
to have a universal gravitational trapping mechanism for all fields. However, there are 
difficulties to realize this mechanism with exponentially warped space-times. In the existing 
(l+4)-dimensional models spin and spin 2 fields can be localized on the brane with the 
decreasing warp factor [2], spin 1/2 field can be localized with the increasing factor |3], and 
spin 1 fields are not localized at all [5]. In the case of 6D models it was found that spin 0, 
spin 1 and spin 2 fields are localized on the brane with the decreasing warp factor and spin 
1/2 fields again are localized with the increasing factor [B]. There exist also 6D models with 
non-exponential warp factors providing gravitational localization of all kind of bulk fields on 
the brane [7], however, these models require introduction of unnatural sources. 

To solve the localization problem recently we had proposed the standing wave braneworld 
model which is generated by collective oscillations of gravitational and scalar phantom- 
like fields (similar to ^) in 5D bulk. To avoid the well-known problems with stability one 
can associate the bulk ghost-like field with the geometrical scalar in a 5D integrable Weyl 
model [To]. In this model a massless scalar, either an ordinary or ghost-like scalar, appears 
through the generalization of the Riemannian definition of the covariant derivative of the 
metric tensor. The geometrical scalar fields have not dangerous couplings with matter fields, 
and it is known that the Weyl model is stable. 

The metric of the model [S] in the case of increasing warp factor has the form: 

ds^ = e^"!'^! {dt^ - e"rfa;2 - e'^dy^ - e-^'^dz^) - dr^ . (1) 

Here a = a/A/6 > (A is 5D cosmological constant) and 

u{t,r) = B sinM e-^^^l^l {^e-'^'^^ , (2) 

where B is a. constant, u denotes the oscillation frequency of the standing wave, and Y2 is 
the second-order Bessel function of the second kind. 

The solution ([1]) describes the positive tension brane at r = 0, which undergoes anisotropic 
oscillations and sends waves into the 'sea' of phantom-like scalar field in the bulk. When 
the amplitude of anisotropy is small with respect to the tension of the brane (quasi-isotropic 
limit) effects of anisotropy will be observable only for cosmological distances. One can study 
brane cosmological model where anisotropy dissipates via infiation [TI], or by leakage of 
thermal graviton radiation into the bulk [12]. 

Note that there is a large similarity between our solution and the simple electromagnetic 
standing wave between two infinite conducting planes. In our case there is only one plane 
- the brane at r = 0. Instead of the second plane we have the wall which is provided by 
the static part of the gravitational potential increasing as one moves away from r = 0. This 
reminds the experiments of [13] where neutrons were trapped between a refiecting plane at 
the surface of the Earth and the wall generated by the gravitational potential of the Earth. 
We have discrete frequencies of oscillation for our standing wave just as the neutrons had 
discrete energy levels in these experiments. 

The r-dependent factor of the metric function ([2]) has finite number of zeros along the 
extra coordinate axis, which form the nodes of the standing wave. These nodes can be 
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considered as 4D space-time 'islands', where the matter particles can be bound [8]. One 
of nodes of the standing wave must be located at the position of the brane. This can be 
achieved by imposing the condition: 



which fixes the ratio of the standing wave frequency u to the curvature scale a. 

If the frequency of oscillations in the bulk u is much larger than frequencies associated 
with energies of matter particles on the brane standing waves can provide their localization. 
One of the classical analogs of this trapping mechanism is the so-called optical lattice with 
standing electromagnetic waves [14j . The explicit localization of scalar and tensor field zero 
modes in standing wave braneworld with the increasing warp factor was demonstrated in 
our previous paper [T5] . 

As mentioned above, the implementation of pure gravitational trapping mechanism of 
vector field particles on the brane in 5D space-time remains most problematic, although there 
was proposed some non-gravitational trapping mechanisms, for example [12]. In this Letter 
we investigate the vector field localization problem and explicitly show that the standing wave 
braneworld metric ([1]) provides pure gravitational localization of vector field zero modes on 
the brane. 

For simplicity in this Letter we investigate only the U{1) vector field, the generalization 
to the case of non-Abelian gauge fields is straightforward. The action of vector field is: 




(3) 




(4) 



where capital Latin indexes refer to 5D space-time. 



OmAp - OpAm 



(5) 



is the 5D vector field tensor, and g is the determinant of the metric ([T]) 



\f9 = (^ 



Aa\r\ 



(6) 



The action (jl]) gives the system of five equations: 



(7) 



Let us seek for the solution to the system (JTj) in the form: 



p(r) atix") , 




(8) 



Ar{x^) 



, 
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where u{t,r) is the oscillatory metric function (|2]), a^(a;'^) denote the components of 4D 
vector potential (Greek letters are used for 4D indices) and scalar factor p(r) depends only 
on the extra coordinate r. The last expression in in fact is the 5D gauge condition. 
We require existence of flat 4D vector waves localized on the brane, 

where E, p^, py, p^ are components of energy-momentum along the brane. Solutions of this 
kind exist only on the brane, where u = 0, and in the case when u is much larger than 
frequencies associated with the energies of the particles on the brane, 

w > E . (10) 

For such high frequencies of bulk standing waves we can perform time averaging of oscillatory 
functions in ((Tj). 

Taking into account the equalities for time averages 



("> = ("') = (' t\ = ^te-M = 0, (11) 



dt / \dt 

where the prime denotes the derivative with respect to the extra coordinate r, time averaging 
of the fifth (r-component) equation of the system ([7]), 

[g'-^A'^) = . (12) 

gives the Lorenz-like gauge condition: 

g'^f'd^Ap = t^d^ap = , (13) 

where rjap denotes the metric of 4D Minkowski space-time. The equation (!T3|) together with 
the last expression of ([8]) can be considered as the full set of imposed gauge conditions. 
Remaining four equations of the system ([7]), 

d, {g<'g^-Fs^) -^{^ /"A'J' = , (14) 

after time averaging and using of ( fTTl) and ( IT3l) reduce to: 

P g'^'d^dsap + e-^'^l'-l [e^^^'^p')' ap = . (15) 
In the case of the zero mode ([9]) , 

E^-pI-pI-pI = Q , (16) 
the system ([TB|) gives the single equation for p(r): 

(e2'^Mp')'_K(r)p = , (17) 
4 




Figure 1: The total gravitational potential ( l23l) for vector particles in the bulk. 



where 



K{r) = ((e-"> - 1) {pI + pI) + ((e^«> - l) p^ (18) 
Time averages of exponential metric functions were calculated in ^T5\ and have the form: 



(e^"> = /o ( m (^) - (z) 



where 6 is a constant, In is the modified Bessel function of the zero-order, and 



-a\r\ 



By making the change: 



p(r) 



-a\r\ 



(19) 



(20) 



(21) 



we put the equation (1171) into the form of a non-relativistic quantum mechanical problem: 

ilj"{r) - f/(r)^(r) = , (22) 

where the potential: 

U{r) = 2a5{r) + a" + e-''"^''^ K (r) , (23) 

is continuous function. FIG. 1 shows behavior of U (r) for the first zero of the Bessel function 
Y2, i.e. when 

3.38 . (24) 
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To determine general behavior of extra dimension factor of the vector field zero modes, 
p(r), we explore Eq. fl2^ in the two limiting regions: far from and close to the brane. The 
function K{r), which takes into account oscillatory properties of the standing wave, has the 
following asymptotical forms: 



K(r)\ 



~ r , 
~ const . 



(25) 
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So close to the brane Eq. fl22|) obtains the form: 

^l)" - [2a5{r) + a^] ^/^ = , (26) 

with the solution: 

^WUo-C'e'^'''' , (27) 

where C is a constant. At the infinity Eq. ( 122|) again reduces to ( 126|) (but without delta- 
function of course) with the two solutions, 

^WUoo-e^'^'^'- (28) 

Resemblance of asymptotic forms of Eq. ( 122|) is not surprising because of the form of the 
potential (123!) (see FIG. 1). Standing waves in the bulk are bounded by the brane at r = 
and by the gravitational potential at the infinity, i.e. these two regions correspond to the 
nodes of the waves. 

To have normalizable vector zero mode we impose the boundary conditions: 

P(^)l™ = 0. (29) 
Then using the definition (12T1) and the solutions fl271) and fl28|) we find: 

p{r)l^o ~ C, 

P(r)l™ - (30) 



So p(r) has maximum on the brane and falls off at the infinity as e~^"'^''. For such extra 
dimension factor the integral over r in the action (jl]) is convergent, what means that 4D 
vector fields are localized on the brane. 

Indeed, using the ansatz ([HD and the equahties (fTTj) . time-averaged components of the 
vector field tensor ^ can be written in the form: 

{Fi: (x^)> = (g-'^F.p) = e-2»I^V [f^ (x'^) + ((e^" - 1> d^a^)] , (31) 

where 

fiJiv (a;°) = d^ay - d„a^ (32) 

is the 4D vector field tensor and M/f represents the sum of terms of the type (e^" — l) d^a^- 
Since the functions p' and (^e^"^ — l) in (13T1) vanish on the brane, the 5D vector Lagrangian 
at r = gets the standard 4D form: 



JV^ (F^,) {F^ 



1 

r=0 



^C'f^f^ . (33) 



Of course in general the 5D Lagrangian of vector fields is more complicate. For instance, 
it contains the mass term (p'F^) ~ {p') e. the zero mode vector particles are 
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massless only on the brane and acquire masses in the bulk. This fact can be considered as 
the alternative mechanism of localization. 

To conclude, in this Letter we have explicitly shown the existence of normalizable zero 
modes of gauge bosons on the brane in the 5D standing wave braneworld model with in- 
creasing warp factor. 
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